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In the Chapter 1, CO2 reforming reaction of CH4 was conducted by using Ni based 
catalyst prepared by co-impregnation method. The Ni/γ-Al2O3 catalyst was not stable in 
the continuous reaction due to a large amount of carbon deposition on the catalyst 
surface. Although the activity of Ni/γ-Al2O3 with the La2O3 and CeO2 as promoters was 
not obviously increased, the carbon deposition on Ni/γ-Al2O3 with La2O3 and CeO2 as 
promoters was greatly suppressed in the CO2 reforming reaction of CH4, and the 
amount of carbon deposition on the 10%Ni/3%CeO2-3%La2O3-γ-Al2O3 catalyst were 
reduced 76.2% compared with the 10%Ni/γ-Al2O3 catalyst.  
In the Chapter 2, by using the combination of concentrated nitric acid refluxing, 
varied thermal treatment and wetness impregnation method on carbon nanotubes 
(CNTs), we realized the controllable encapsulation of cobalt clusters inside the channels 
of CNTs. For the Co/CNTs-650 catalyst employing thermal treated CNTs at 650
o
C, the 
cobalt nanoparticles inside the CNTs channel reached up to 80% with the particles size 
of 5-10 nm. The FTS reaction results on the Co/CNTs-650 catalyst showed both the best 
CO conversion of 89.3% and the highest C5+ hydrocarbon selectivity of 83.7%, at the 
same time holding the lowest CH4 selectivity of only 8.4 % among all the tested FTS 
catalysts. 
In the Chapter 3, one-step synthesis of light isoparaffin from syngas via FTS 
belongs to the tandem catalysis process, for which the most used catalyst is hybrid 
catalyst prepared by simply mixing FTS catalyst and zeolite catalyst. The usually used 
hydrothermal synthesis way for zeolite shell preparation limits the design and 
preparation of various zeolite shell enwrapping different core catalysts, the industrial 
scalability of zeolite capsule catalyst, and so on. One is an improved hydrothermal 
synthesis process named stepwise-synthesis, another is an initially reported method that 
does not employ hydrothermal synthesis approach for H-ZSM-5 zeolite shell 
preparation. For the last one, we call it physically adhesive (PA) method in this chapter. 
The PA method presented in this report is very cost-saving, reliable and scalable, with 
which we can realize the industrialization of zeolite capsule catalyst more readily. 
In the Chapter 4, a hierarchical HZSM-5 zeolite with combined micropores and 
mesopores was synthesized by one-step approach with TPAOH and F127 as dual 
templates. The hierarchical HZSM-5 exhibited significantly higher mesopore surface 
area and larger mesopore volume than conventional HZSM-5. Compared with the 
conventional catalyst, the CO conversion of FTS reaction on the present catalyst 
increased significantly. Meanwhile, the C5+ selectivity and the isoparaffin selectivity 
also increased. The C5-11 hydrocarbons with a lot of isoparaffin and olefin had become 
the main FTS products due to optimized hydrocracking and isomerization afforded by 
the hierarchical pore structure. 
In the Chapter 5, a two-step process consisting of acid leaching and base leaching 
was applied to introduce mesopores on a commercially zeolite Y. The analysis results 
showed that the surface area, pore volume and pore size of the hierarchical zeolite Y 
(Y-ABx, "x" stands for base leaching time) increased with increasing the base leaching 
time. The CO conversion and C5-11 selectivity of Co/ABx catalysts increased 
significantly as compared with the pristine Y supported Co catalyst. The isoparaffin 
selectivity of Co/AB4 reached the highest 52.3%. Middle hydrocarbons had become the 
main FTS products due to the optimized hydrocracking and isomerization function 
afforded by the hierarchical zeolite Y. 
In the Chapter 6, a novel iron based micro-capsule catalyst with interior 
Fe/SBA-15 core and exterior H-ZSM-5 shell was synthesized and evaluated for direct 
synthesis of middle isoparaffin from syngas. The size of micro-capsule catalysts was 
2um. Activity test results revealed that original Fe/SBA-15 catalyst exhibited a low 
selectivity of isoparaffin of 8.2% and high selectivities of olefin and normal paraffin. 
But the as-prepared micro-capsule catalyst achieved an excellent performance for 
isoparaffin synthesis with the isoparaffin selectivity up to 46.5%. Different from the 
zeolite capsuled cobalt catalysts, the high isoparaffin selectivity of micro-capsule 
catalyst was mainly attributed to the polymerization and isomerization of the lower 
olefins catalyzed by the H-ZSM-5 zeolite shell. 
 
【論文審査の結果の要旨】（Chuang XING） 






















































  上記の内容は国際学術専門誌に原著論文 9 報（関連論文 3 報、参考論文６
報）として掲載された。 
  当審査委員会は以上を総合的に判断した結果、審査論文は、エネルギー、
環境、無機化学合成、触媒調製、ナノ科学諸分野において、学術的価値のある
知見を与えていると判断し、博士の学位論文として十分な価値を有し、博士の
学位を授与するに値する論文であると判定した。 
 
 
